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MEMORANDUM



DATE:	January 22, 2013



SUBJECT:	Response to Public Comments on the EFED Registration Review Problem Formulation for Acetamiprid (PC Code No. 099050; DP Barcode D407348)



TO:		Jill Bloom, Chemical Review Manager

		Eric Miederhoff, Acting Team Leader

		Risk Management and Implementation Branch II

Pesticide Re-evaluation Division (7508P)



FROM:	Katrina White, Ph.D., Biologist

Scott Glaberman, Ph.D., Biologist				

		Environmental Risk Branch IV

Environmental Fate and Effects Division (7507P)



THROUGH:	Jim Carleton, Ph.D., Senior Fate Scientist

	Tom Steeger, Ph.D., Senior Science Advisor

	Marietta Echeverria, Branch Chief 

	Environmental Risk Branch IV

Environmental Fate and Effects Division (7507P)



The Office of Pesticide Programs received comments on the “Registration Review – Preliminary Problem Formulation for Ecological Risk and Environmental Fate, Endangered Species, and Drinking Water Assessments for Acetamiprid” (Document ID EPA-HQ-OPP-2012-0329-0003 in www.regulations.gov, referred to as Problem Formulation in this document) from the following organizations:



· American Bird Conservancy (ABC), 

· California Stormwater Quality Association (CASQA),

· Central Valley Regional Water Quality Control Board (Central Valley Water Board),

· Nisso America, Inc. (Nisso), and

· San Francisco Bay Regional Water Quality Control Board (SF Water Board).



The purpose of this memorandum is to respond to these comments.  We appreciate the comments and have considered them carefully.  To the extent possible, comments have been grouped by respondent and by their general theme.  The Environmental Fate and Effects Division’s (EFED) responses are provided below each set of paraphrased comments.  



Comments from the American Bird Conservancy (ABC)



Risk to Birds



1. ABC requests EPA to “proceed with caution in your review of the neonicotinoid insecticides acetamiprid and thiacloprid.”  ABC is preparing a comprehensive review of the effects of thiacloprid and acetamiprid on birds and has reason to believe that EPA has underestimated the aquatic toxicity of the entire class of neonicotinoid insecticides.  ABC will provide the report to the EPA with recommendations that the EPA consider the report in its risk assessment of acetamiprid.



EFED Response:  EFED will review the report when received and consider the information during preliminary risk assessment.



Comments from the San Francisco Bay Regional Water Quality Control Board (SF Water Board), California Stormwater Quality Association (CASQA), and Central Valley Regional Water Quality Control Board (Central Valley Water Board)



Many comments from the SF Water Board and CASQA were similar and are therefore discussed collectively.  Additionally the SF Water Board indicated that it concurred with many of CASQA’s comments.



Urban Uses



1. Both the SF Water Board and CASQA discussed concerns regarding potential risks due to use of acetamiprid in urban areas.  The comments included the following main points.  



· “Pesticide-related pollution in surface waters receiving urban runoff has created a multi-million dollar regulatory burden for our municipality members.  When this water pollution occurs, municipalities may be subject to enforcement under National Pollution Discharge Elimination System (NPDES) permits.  Municipalities also face negative publicity and the increasing threat of litigation under the citizen suit provisions of the Clean Water Act (CWA).”

· “Once pesticides are present in urban runoff, it is technically infeasible for municipal stormwater agencies to reduce pesticide levels sufficiently to meet CWA requirements.  To avoid this untenable situation, EPA must use its pesticide regulatory authorities to prevent pesticide pollution in urban watersheds.”

· “… acetamiprid has a number of non-agricultural registered uses.  Although acetamiprid currently has relatively low estimated usage, its usage may grow in the future, particularly if it serves as a substitute for pyrethroid pesticides.”

· “Modify the aquatic risk assessment problem formulation, work plan, and data requirements to address transport through urban runoff to surface waters.  Many of the necessary changes appear in EPA’s final Registration Review Work Plans for bifenthrin and permethrin, reflecting EPA’s improved urban water quality risk assessment procedures.”



EFED Response:  It is standard procedure for EFED to estimate exposure in surface water due to existing uses of pesticides in urban and residential areas.  EFED will evaluate environmental exposure and resulting ecological risk and drinking water exposures due to all current uses of acetamiprid in urban and residential environments.  This includes applications around buildings, as termiticides, to treat trees, and on impervious surfaces.  EFED agrees that runoff from impervious surfaces is an important transport pathway that will be discussed in the risk assessment.



The Problem Formulation (pages 13-22) describes the current uses of acetamiprid that will be evaluated for risk in the preliminary risk assessment, including uses in urban and residential areas.  The current conceptual model (Figure 12-1, page 60) indicates that runoff and spray drift will be considered in the risk assessment as transport pathways for aquatic environments.  Section 13.1.A. (pages 64-65), describes the process that will be used to assess aquatic exposure for uses in urban and residential areas, including potential for runoff from impervious surfaces.  This is consistent with the approach described for the synthetic pyrethroids bifenthrin (USEPA, 2010) and permethrin (USEPA, 2011) that are also used widely in urban environments.



The conceptual model in the Problem Formulation (reproduced below in Figure 1) discusses runoff generically and does not explicitly show different types of runoff that are considered in the risk assessment.  The conceptual model is broad enough to encompass urban uses; the transport pathways are applicable to agricultural, residential, and urban uses.  EFED agrees that the conceptual model could include pathways where runoff is possible after flow through vegetation and flow across impervious surfaces.    Regardless of whether the conceptual model shows these pathways explicitly, they will be assessed in the risk assessment.





[image: ]

*Spray drift is not expected to be a significant pathway of exposure for applications of granular materials, seed treatments, and for applications of liquids with a hand held sprayer.

**PCE stands for primary constituent elements and are used to determine whether habitat modification may occur.



[bookmark: _Toc172438317][bookmark: _Toc271275114]Figure 1. Conceptual model depicting stressors, exposure pathways, and potential effects to aquatic organisms and their habitat from use of acetamiprid. 





2. CASQA and SF Water Board Comment: “…these statements from the problem formulation (p. 57) indicate that rainfall/runoff from urban land uses is not consistently included in the conceptual approach from the acetamiprid risk assessment.



“For aquatic organisms, exposure to entire formulations may occur with spray drift into a water body or when a product is applied directly to water.”



“Aquatic ecosystems potentially at risk include water bodies adjacent to, or downstream from, the treated field and might include impounded water bodies such as ponds, lakes, and reservoirs, or flowing waterways such as streams or rivers.”



 “Include surface waters that receive urban runoff within the description “Ecosystems Potentially at Risk” (Problem formulation, p. 57).



EFED Response:  The first sentence that is recommended to be changed in the problem formulation is discussing the potential exposure of aquatic organisms to mixtures (e.g., the entire formulated product).  It is assumed that exposure to an entire formulation for aquatic organisms is less likely to occur after transport from runoff as compared to direct applications to water and introduction into water via spray drift because components of a formulation have different environmental chemical properties and are less likely be transported all together as a unit.  For example, different chemicals will have different degradation rates, sorption properties, and volatilization rates.  That is not to say that there will be no overlap in constituents of a formulation when it is introduced into water via runoff; however, the ratios of the components are more likely to be different in water than in the formulation when transport from runoff occurs.  Therefore, when the formulation undergoes transport via runoff before it is introduced into a water body, the components of a formulation are assessed separately (e.g., the risk assessment will focus on the active ingredient alone).  However, when the formulation does not undergo transport via runoff before being introduced to water body, a risk assessment for the entire formulation will be conducted and acute toxicity data for the formulation are considered.  These risk assessments and data are requested for the entire formulation when products contain multiple active ingredients and are directly applied to water or when they may be introduced into water via spray drift.  The statement, “For aquatic organisms, exposure to entire formulations may occur with spray drift into a water body or when a product is applied directly to water.” does not infer that risk from uses in urban and residential settings will not be assessed.



The second sentence that is recommended to be changed discusses the ecosystems potentially at risk.  The current statement is a generic statement and includes a wide range of water bodies and does not exclude water bodies receiving urban runoff.  It currently does not discuss the sources of transport to water bodies.  EFED agrees that it could be explicitly stated that surface waters receiving runoff from both agricultural and residential/urban uses will be considered in the risk assessment; however, the current problem formulation is sufficiently broad that it does not need to be updated.  Risk due to exposure in surface waters that receive runoff from urban areas will be assessed in the risk assessment.



3. CASQA and SF Water Board Comment:  “Explicitly recognize applications to urban land uses within the conceptual model, and separately include, “landscaped (pervious)” areas and “impervious” areas as urban source categories, at a level equivalent to agricultural soil (shown currently as “soil” on the conceptual model diagram, Fig. 12-1, Problem Formulation p. 60).  Include descriptions of these exposure pathways in the text description of the Conceptual models (p. 59).”



EFED Response:  As stated previously, the current conceptual model is intended to be generic and does not describe runoff as having an agricultural or urban source.  These transport pathways will be assessed and are currently discussed in the current problem formulation in the Analysis Plan (pages 64 and 65).



4. CASQA and SF Water Board Comment:  “Include in the Analysis Plan appropriate scenarios for urban areas within the modeling approach that recognize direct and intentional application to impervious surfaces (Exposure in the Aquatic Environment, pp 64-65).”



EFED Response:  At this time, EFED does not currently describe the exact Pesticide Root Zone Model (PRZM) scenarios that will be used to estimate aquatic exposure for each individual use pattern identified in Problem Formulations, as this is performed when the risk assessment is completed.  EFED does indicate that the impervious surface scenario will be used to simulate applications to impervious surfaces on page 64 of the Problem Formulation.



5. CASQA and SF Water Board Comment:  “Distinctly account for appropriate wash-off fractions from a) impervious surfaces and b) landscaped (pervious) surfaces in the modeling effort.”



EFED Response:  The current Problem Formulation describes the procedures planned for accounting for exposure from runoff from pervious and impervious surfaces on page 64 and 65.  The following paraphrased excerpt from the Problem Formulation describes EFED’s exposure analysis plan that addresses the specific comment, 



Using two scenarios in tandem requires post-processing of the modeled output in order to derive a weighted EEC that represents the contributions from material applied to both pervious (i.e., residential and ROW scenarios) and impervious surfaces.  The daily time series from each model run, contained in the time series files (NAME_TS.out) generated using the PRZM/EXAMS graphical user interface (pe5.pl) residential and impervious surface scenarios are combined using EXCEL.  The time series’ are weighted based on the percentage impervious surface and percentage pervious surface treated, and an adjusted concentration time series is created.  Rolling averages for the relevant durations of exposure (e.g., 21 day and 60 day averages) are calculated, and the relevant one-in-ten year return frequency concentration is calculated.



6. CASQA and SF Water Board Comment:  “Account for the distinct physical characteristics of urban storm drainage conveyance systems, which rapidly convey water and pollutants from application sites to receiving waters.”



EFED Response:  EFED currently uses the Pesticide Root Zone Model (PRZM) and the Exposure Analysis Modeling System (EXAMS) as the tier II models to estimate exposures in the aquatic environment.  The PRZM model, which EFED uses to simulate runoff loads, operates on a 24-hour time step, which is far too coarse to enable the kind of detailed simulation of rainfall/runoff that would be necessary to represent transport through urban storm drainage conveyance systems.  High runoff volumes and pesticide transport from urban areas are however adequately simulated by using a high curve number to represent runoff from impervious surfaces, similar to common practice with more widely-used curve number-based watershed models, such as the Soil and Water Assessment Tool (SWAT).  Standard EFED methodologies for modeling concentrations in aquatic systems are conservative by design (e.g., result in high-end exposure estimates), and should be protective of potential exposures to aquatic organisms impacted by uses in residential and urban areas.



7. Central Valley Water Board Comment:  “Because acetamiprid will likely be used as a replacement product for pyrethroids, the ecological risk assessment for acetamiprid should account for applications and transport pathways similar to pyrethroids, which includes outdoor urban uses and runoff from impervious surfaces.”



EFED Response:  As discussed in the above responses to comments, EFED’s Problem Formulation outlines approaches for assessing risk of existing uses in residential and urban areas that includes possible runoff from impervious surfaces.  The methodology described in the Problem Formulation is consistent with those methods discussed in pyrethroid problem formulations.  



Water and Sediment Exposure



8. CASQA and SF Water Board Comment:  “Account separately for water and sediment matrices in assessments of both exposure and effects for aquatic organisms.”



“Based on the relatively high solubility of acetamiprid and its potential deposition and persistence in sediment, CASQA believes additional study is needed to quantify the environmental effects of acetamiprid and its major degradates on aquatic invertebrates in both water and sediment matrices.  It is important for these studies to be conducted on freshwater macroinvertebrates, including both Chironomus tentans, and Hyallela azteca, as the latter has been found to be sensitive to pesticides in many recent studies (c.f., Amwet et al., 2006).



Sediment toxicity testing should be performed with spiked sediments, rather than by adding the test chemicals to the overlying water.  This provides a much more accurate assessment of actual toxicity to benthic organisms.”



EFED Response:  Risk assessments for sediment are typically conducted when a soil-water distribution coefficient (Kd) is ≥50 L/kg-soil, the log octanol-water partition coefficient (Kow) is ≥3 or an organic-carbon normalized soil-water distribution coefficient (Koc) is ≥1000 L/kg-organic carbon.  These same conditions trigger the need for additional sediment toxicity data according to 40 Code of Federal Regulations (CFR) Part 158.630[footnoteRef:1].  These conditions indicate that a given chemical is likely to partition predominantly into benthic sediments.  Acetamiprid does not meet any of the standard triggers for sediment toxicity data.[footnoteRef:2]  However, IM 1-4 (N-methyl(6-chloro-3-pyridyl)methylamine), a persistent degradate of acetamiprid, has Koc values greater than or equal to 1000 L/kg-organic carbon[footnoteRef:3]. [1:  CFR. 2013. Title 40 (Protection of the Environment), Chapter I (Environmental Protection Agency), Subchapter E Pesticide Programs) Part 158 (Data Requirements for Pesticides), Subpart G (Ecological Effects), §158.630 (Terrestrial and aquatic nontarget organism data requirements table).  http://www.ecfr.gov/cgi-bin/text-idx?c=ecfr&SID=d891b5d8ab03593b05fb2e22e97ce52c&rgn=div8&view=text&node=40:25.0.1.1.9.7.1.1&idno=40 ]  [2:  For acetamiprid, Kd values range from 0.39 to 4.1 L/kg-soil, the log KOW is 0.8, and KOCs range from 157 to 298 L/kg-organic carbon.]  [3:  IM 1-4 KOC values range from 153 to 1842 L/kg-organic-carbon (MRID 44651885).] 




In general, modeled pesticide concentrations in sediment pore water are lower than those in the water column.  Therefore, when the same ecotoxicity endpoints are used to evaluate risk resulting from sediment pore water and water column exposures, the water column will result in higher risk estimates, and will be conservative for risk in sediment.  Sediment toxicity on a bulk sediment concentration may also be considered when sediment toxicity data are available.  The toxicity data typically requested for sediment are for aquatic invertebrates, and this information provides a better understanding of the potential range of sensitivities of sediment-dwelling aquatic invertebrates that are not available otherwise.  As acetamiprid is an insecticide, having these additional data on toxicity to aquatic invertebrates could result in a more sensitive toxicity endpoint. Acute toxicity data are already available on the sediment-dwelling sensitive species, Chironomus riparius, and are described on pages 43-44 of the Problem Formulation. EFED believes that the acute toxicity endpoint value for this species adequately captures the potential sensitivity of acetamiprid to aquatic invertebrates, and this endpoint value will be used to assess acute risk to aquatic invertebrates during risk assessment. In addition, during the risk assessment, the C. riparius acute toxicity endpoint value will be used to calculate a chronic toxicity endpoint value for aquatic invertebrates using an acute-to-chronic ratio as described on pages 43-44 of the Problem Formulation. In addition, a 28-day chronic toxicity test exists for the same species based on information in the European Pesticide Properties Database (PPDB)[footnoteRef:4].  EFED encourages the registrant to submit this study.  Since the Koc of IM-1-4 is high enough to trigger the need for a sediment risk assessment, a sediment risk assessment will be completed by examining the potential exposures to both acetamiprid and IM 1-4 using available toxicity data.   [4:  http://sitem.herts.ac.uk/aeru/footprint/index2.htm] 




Exposure Estimates Consistent with the Office of Water Exposure Estimates



9. CASQA and SF Water Board Comment:  “To provide the ability to conduct an effects assessment that is consistent with Office of Water methods, in addition to the planned approach for estimating environmental concentrations and assessing environmental risks, please also calculate four-day rolling averages with a once-in-three-years frequency in the analysis of the PRZM/EXAMs modeling results, and include the four-day, 1-in-3-year exposure estimates when assessing risks to aquatic organisms.  (Water quality criteria developed by USEPA to protect aquatic life under the Clean Water Act involve a four-day averaging period for chronic effects, with the criteria not to be exceeded more than once every three years.)”



Central Valley Water Board Comment:  “The regulated community ends up spending considerable resources to comply with Clean Water Act requirements due to water quality impacts of pesticide uses that are authorized by USEPA under the Federal Insecticide Fungicide and Rodenticide Act (FIFRA).  In many cases, pollution prevention through effective regulation of pesticide use would be much more effective than the regulatory options available to water quality control agencies implementing the Clean Water Act.  We encourage OPP to take decisive action in the registration review of acetamiprid to ensure that its use will not cause exceedances of Water Quality Standards.”



EFED Response:   The EPA Office of Pesticide Programs (OPP) is currently working with the Office of Water (OW) and the Office of Research and Development (ORD) toward the development of additional tools and approaches to support a consistent and common set of effects characterization methods using best available information. More information on this effort is available at http://www.epa.gov/oppefed1/cwa_fifra_effects_methodology/index.html#background.  Public stakeholder meetings regarding this effort have been held across the U. S. and most recently in Washington, D.C.  OPP, OW and ORD consulted the FIFRA Scientific Advisory Panel (SAP) in 2012.  While a commitment to similarly harmonize exposure calculation methodologies with OW has not yet been made, EFED's models do provide the flexibility to estimate concentrations over various averaging times and frequencies. EFED plans to explore harmonization of exposure estimation methods with OW, and will consider whether to include such alternative exposure metrics in its risk assessments in the future.



Risk Assessment for Degradates



10. CASQA and SF Water Board Comment:  “Because the major acetamiprid transformation products contain a similar pyridylmethylamine backbone as the parent (Problem Formulation, p. 53), the degradates may be toxic to the most sensitive species, and the risk assessment should include evaluation of the environmental fate of all transformation products identified in the Problem Formulation as major degradates.



We encourage OPP to require environmental fate data and both acute and chronic ecological effects studies for aquatic invertebrates in both water and sediment, to provide environmental fate-related data for the major acetamiprid degradates.”



EFED Response:  Environmental fate data on degradates are typically requested when data are needed to estimate exposure and such data are not available in the already submitted studies.  Available fate data are adequate to estimate exposure to total toxic residues (TTR) of concern, i.e., acetamiprid, IM 1-4, and unextracted residues.  IM 1-4 was monitored in most fate studies and sorption coefficients are also available for IM 1-4.  Additional data have been requested to reduce uncertainty related to the nature of unextracted residues in metabolism studies. 



The Problem Formulation (pp. 53-56) presents available toxicity data for acetamiprid and degradates. Based on this information, all degradates except for IM-1-4 have toxicity endpoint values that are comparatively higher (less toxic) than the parent for the same group of organisms. For this reason, IM-1-4 was the only degradate proposed for addition to the TTR exposure calculation in the Problem Formulation. However, EFED acknowledges that there are limited toxicity data for degradates of acetamiprid. Therefore, during the preliminary risk assessment, risk will be estimated using two different TTR exposure scenarios: 1) exposure based on acetamiprid, IM-1-4, and unextracted residues; 2) exposure based on acetamiprid, IM 1-2, IM-1-3, IM 1-4, IM 1-5, IC-0, and unextracted residues. The impact of these two exposure scenarios on risk estimates will be compared and discussed in the preliminary risk assessment. No additional toxicity data are being requested for acetamiprid degradates because none of the available information suggests that any degradate is more toxic than the parent; therefore, a TTR approach during risk assessment should be sufficient for accounting for potential toxicity of degradates.



Cumulative Effects of Multiple Pesticides



11. CASQA and SF Water Board Comment:  “It is common for mixtures of pesticides to be present in the water column and sediment of urban receiving waters.  Studies involving urban monitoring data have demonstrated that mixtures of pyrethroid pesticides are contributing to toxicity in both water and sediments in urban creeks.  We encourage OPP to pursue development of a protocol for quantitative assessment of cumulative impacts of pesticide mixtures, as this appears to be a significant factor contributing to the observed toxicity in urban creeks.



The Problem Formulation indicates that certain products contain acetamiprid in mixtures with other pesticides, including pyrethroids (Problem Formulation, p. 57).  We request EPA explicitly include requirements for aquatic invertebrate toxicity studies in both sediment and water matrices to develop data for typical end-use products containing the most commonly used product mixtures.”



EFED Response:  Exposure to the entire product is most likely to occur when the product is applied directly to water or could move into water via spray drift.  With respect to assessing potential risks from the full spectrum of chemicals that may co-occur in the environment, EPA is aware of this uncertainty but does not believe that the science has been sufficiently vetted to enable a standardized means of assessing potential risks given that the spectrum of chemicals can vary considerably depending on environmental conditions.  This uncertainty is discussed in the document entitled “Overview of the Ecological Risk Assessment Process in the Office of Pesticide Programs[footnoteRef:5]” (USEPA, 2004). [5:  USEPA. 2004.  Overview of the Ecological Risk Assessment Process in the Office of Pesticide Programs, U.S. Environmental Protection Agency.  http://www.epa.gov/espp/consultation/ecorisk-overview.pdf] 




The Problem Formulation (pages 78-89 and Table 14-2) specifically requests aquatic toxicity data (OCSPP 850.1010) for EPA Product Registration Number 8033-116 because it contains both acetamiprid and bifenthrin, which is known to be toxic to aquatic organisms, and may be deposited directly into the aquatic environment via spray drift. In addition, OCSPP 850.1010 study data is also being requested on a representative typical end-use product for use on cranberries, since these products could involve direct applications to water and result in exposure of a formulation to aquatic organisms.  



Environmental Chemical Analysis Methods and Monitoring



12. CASQA and SF Water Board Comment: “CASQA appreciates OPP’s acknowledgement in the Problem Formulation (p. 72) of the need for “Environmental Chemistry Methods: Water (OPPTS Guideline 850.7100), parent and major degradates IM 1-2, IM 1-5, IM 1-4, IM 1-3, and IC-0”. However, this need is not clearly carried forward into Table 14-1 in the Problem Formulation or in subsequent text in the Problem Formulation (pp. 77-78), and in the Acetamiprid Preliminary Work Plan (September 2012, p. 6) this requirement is listed as optional. The development of practical analytical methods for acetamiprid and its major degradates in both water and sediment is essential.”  CASQA then makes recommendations on specific requirements of the analytical method such as method detection limits, equipment used, relative standard deviations, and storage stability information.



EFED Response:  Environmental chemistry methods in soil and water are already available for acetamiprid with a limit of quantitation (LOQ) of 0.1 µg/L (0.1 parts per billion; ppb).  This LOQ is below the lowest no observed adverse effect concentration (NOAEC) of 0.0025 mg a.i./L (2.5 ppb) observed for the mysid (Americamysis bahia; MRID 44651873[footnoteRef:6]).  Therefore, additional data were not required.  EFED requested additional state of the art environmental chemistry methods to be submitted if they were available in Section 14.1.B (Problem Formulation, p. 77).  As for the recommended requirements for the method, EFED environmental chemistry methods are evaluated consistent with Office of Chemical Safety and Pollution Prevention OCSPP 850.6100 Environmental Chemistry Methods and Associated Independent Laboratory Validation (USEPA, 2012b) and Environmental Chemistry Methods Guidance (USEPA, 2012a). [6:  MRID 44651873.  Sousa, J. (1998) Acetamiprid Technical--Chronic Toxicity to Mysids (Mysidopsis bahia) Under Flow-Through Conditions: Final Report: Lab Project Number: 98-2-7230: 10566.0897.6447.530: 060396/FIFRA/530. Unpublished study prepared by Springborn Laboratories, Inc. 91 p.] 




13. CASQA and SF Water Board Comment: “…there is no practical chemical analysis method for acetamiprid or its degradates.  CASQA agrees that monitoring data would be invaluable for registration review.  We encourage EPA to require pesticide registrants to provide environmental monitoring data for products registered for uses in urban areas, and especially to acquire such data in urban creeks.”



“The use of acetamiprid will likely increase in California as it is employed as a replacement product for more restricted compounds, and as use increases, it will be imperative to begin monitoring for acetamiprid and other neonicotinoid products.”



EFED Response:   No monitoring data were available that looked for residues of acetamiprid in surface and ground water when the Problem Formulation was completed.  Submission of any monitoring data available was encouraged in the Problem Formulation and any monitoring data available will be used in the risk assessment.  U.S. EPA requires that monitoring data be conducted by registrants on a case-by-case basis contingent on the risks identified in risk assessments.  The need for additional monitoring data for acetamiprid will be considered when the actual risk assessment is under way.  Analytical chemistry methods are available for monitoring of acetamiprid and its degradates in water (MRID 44988536[footnoteRef:7]) as noted in Table 14-1 of the Problem Formulation.  These methods can be found at in the Index of Environmental Chemistry Methods (http://www.epa.gov/pesticides/methods/ecm-a.html). [7:  MRID 44988536.  Tokieda, M. (1997) Analytical Method for the Determination of Acetamiprid in Water (Validation Study): Lab Project Number: NCAS97-007: 171-4B. Unpublished study prepared by Nisso Chemical Analysis Service Co., Ltd. 68 p. OPPTS 860.1400] 




Additional Information Available



14. CASQA and SF Water Board Comment: “CASQA would like to ensure that EPA is aware of pesticide sales data that are available through California DPR for all California-registered pesticides, including acetamiprid….According to the most recent sales data available (2010), annual sales of acetamiprid totaled nearly 39,000 lbs. in California.”



Central Valley Water Board Comment:  “We will also be glad to provide additional information and assistance that USEPA may needs [sic] to understand the issues with acetamiprid and other pesticides in the Central Valley Region.”



EFED Response:   EFED will consider California sales data and any additional information provided when the preliminary risk assessment is conducted.



Registration Process Must Effectively Prevent Water Quality Impacts



15. CASQA Comment: “…a number of pesticide-related listings are included on the recently approved 2010 California Clean Water Act Section 303(d) list of impaired waters.  In some instances, TMDLs have been adopted or are in preparation to address pesticide- caused water quality impairments in California….It is therefore essential that pesticide regulatory processes adequately consider potential water quality impacts, so that such impacts are prevented before they result in CWA Section 303(d) impaired water listings.



…an effective registration review process would eliminate pesticide-related aquatic toxicity in waters and sediments of surface waters receiving urban runoff discharges.”



EFED Response:  EFED routinely assesses the potential for ecological risk for all uses of conventional pesticides including uses that could result in urban runoff.  EFED defers a specific response to this comment to the Office of Pesticide Program’s (OPP’s) Pesticide Re-evaluation Division (PRD) since it relates directly to risk management, labeling, and product registrations. 



Data Requirements



16. Central Valley Water Board Comment:  “It is imperative that the Office of Pesticide Programs requires all relevant data needed to complete an effective ecological risk assessment of pesticides.”



“The Office of Pesticide Programs should require, rather than request, all of the data listed in the environmental risk assessment work plan.”



“The environmental fate data gaps that need to be filled include studies on soil and aquatic metabolism, field dissipation, leaching, soil photolysis, and environmental chemistry methods for the parent and major degradates.”



“The ecological effects data gaps are all important and missing studies should be required from registrants.  The ecological effects data gaps include studies on avian reproductive toxicity, chronic toxicity to an invertebrate, acute toxicity of a formulation to an invertebrate, and toxicity to terrestrial plants and invertebrates.”



EFED Response:  EFED requests all data that are likely to have an impact on the ecological risk assessment. Data are required by the Agency in a Data Call-In completed by the Pesticide Re-evaluation Division, and not as part of the Problem Formulation completed by EFED.  In general, all data requested in a Problem Formulation that are likely to have an impact on the risk assessment are required in the Data Call-In.  This is consistent with the data recommendations for acetamiprid and all pesticides under consideration for Registration Review.  EFED defers a specific response to this comment to the OPP’s PRD since it relates directly to requiring data.



The environmental fate studies recommended by the Central Valley Water Board are all identified in the Problem Formulation for acetamiprid as having a potential to influence the risk conclusions except for the anaerobic soil metabolism study, the soil photolysis study, and environmental chemistry methods.  Environmental chemistry methods for the parent and degradates are already available in MRIDs 44988516[footnoteRef:8], 44988517,[footnoteRef:9] and 44988536[footnoteRef:10]. An additional study on soil photolysis is not recommended because in the available soil photolysis study (MRID 48563501) microbial activity in the dark control was higher than in the irradiated samples and degradation was faster in the dark control.  As soil photolysis did not occur at a faster rate than microbial degradation, photolysis is not considered a major route of degradation when microbial degradation is occurring.  Photodegradation did occur in the aqueous photolysis study (half-life = 34 days; MRID 44988509[footnoteRef:11]) and the degradation products identified in that study along with the results from other environmental fate studies likely capture all major degradation products of acetamiprid. However, it is possible that unique degradates could form in soils that do not have a high rate of microbial degradation, where indirect photolysis could occur.  Additional data on anaerobic soil metabolism study was not recommended because the anaerobic aquatic metabolism data (half-life = 325 days; MRID 44988512[footnoteRef:12]) indicate that anaerobic metabolism is very slow.  The anaerobic soil metabolism data could become important if risk concerns arise from exposure in groundwater.  However, if the result of the anaerobic soil data were consistent with the anaerobic aquatic metabolism study results, the additional data would have little impact on the magnitude of estimated exposure for groundwater.  Finally, the anaerobic soil metabolism data would only be used in very specific risk assessments for groundwater, as aerobic environments also commonly occur in subsoils.  Finally, the soil photolysis and anaerobic soil metabolism rates are not used (on a regular basis) in current models to estimate exposure.  Therefore, additional data on soil photolysis and anaerobic soil metabolism were not recommended.   [8:  MRID 44988516.  Yang, J. (1999) Method Validation Report for Acetamiprid (NI-25): Performance Summary of Methods of Analysis for NI-25 and its Metabolites IC-0, IM-1-4, and IM-1-2 in US Soil Using LC/MS/MS: Lab Project Number: 45841: 45453: 9752643. Unpublished study prepared by Rhone-Poulenc Ag Co. 572 p. OPPTS 850.7100]  [9:  MRID 44988517.  Zheng, S. (1999) Independent Laboratory Validation of Analytical Methods NI-25: Method of Analysis and its Metabolite, IC-0, Using LC/MS/MS; NI-25: Methods of Analysis for IM-1-2 a Metabolite of NI-25 in Soil Using LC/MS/MS; and NI-25: Method of Analysis for IM-1-4, a Metabolite of NI-25, in Soil Using LC/MS/MS: Lab Project Number: 019-016: 98P-019-016: EC-98-447. Unpublished study prepared by Centre Analytical Labs., Inc. 152 p. OPPTS 850.7100 ]  [10:  MRID 44988536.  Tokieda, M. (1997) Analytical Method for the Determination of Acetamiprid in Water (Validation Study): Lab Project Number: NCAS97-007: 171-4B. Unpublished study prepared by Nisso Chemical Analysis Service Co., Ltd. 68 p. OPPTS 860.1400.]  [11:  MRID 44988509.  Hausmann, S.; Class, T. (1998) Aqueous Photodegradation of (carbon-14)-Acetamiprid at pH 7 and Determination of Quantum Yield: Lab Project Number: P196G: B196G: 96-82. Unpublished study prepared by PTRL, West PTRL, Europe. 124 p.]  [12:  MRID 44988512.  Feung, C. (1999) Acetamiprid (NI-25): Anaerobic Aquatic Metabolism: Lab Project Number: EC-97-404. Unpublished study prepared by Rhone-Poulenc Ag Co. 128 p.] 




The ecological effects studies identified by the Central Valley Water Board have all been recommended for the Data Call-In, except for the freshwater invertebrate chronic toxicity study with acetamiprid. In its response to the Problem Formulation, the technical registrant has stated that these data will be submitted. In the case of the aquatic invertebrate chronic toxicity study, a 28-day study with the benthic invertebrate C. riparius has been identified in the European Pesticide Properties Database (PPDB) and EFED encourages the registrant to submit this data to the Agency if available. 

Comments from the Nisso America Inc.  (Nisso)

Column and Aged Column Leaching study with parent and typical end-use product 



Comment:  “40 CFR § 158.1300 says that a compound mobility study conducted under guideline 835.1240 should use the technical grade active ingredient (TGAI) or the pure active ingredient radiolabeled (PAIRA). The use of the TGAI or PAIRA as the test substance is also stated in the OCSPP 835.1240 guideline itself…Nisso respectfully requests that the Agency reconsider the need for laboratory based mobility studies to be conducted with TEPs typically used in termite control application techniques for the following reasons: 1) a study using TEP would not follow guideline recommendations; 2) acetamiprid is water soluble; 3) the degradation pattern of acetamiprid in soil is understood; and, 4) existing laboratory studies (MRIDs 44651883, 44651884, 44651885, 44651886, and 46255604) are sufficient to predict the leaching potential of acetamiprid through the soil profile.”  



EFED Response: Acetamiprid may be used to control termites and is applied via trenching, rodding (boring a series of relatively evenly spaced holes in the soil adjacent to the structure and back-filling the holes with termiticide and soil), sub-slab injection, soil excavation, or injected into piping or similar systems around buildings.  Given the potential wide usage of termiticides (Waldvogel, 2007), it is important that the termiticide use pattern be fully considered in the risk assessment. The Column Leaching Studies (OCSPP 835.1240) (USEPA, 1999) were requested to support the termiticide uses where the entire formulation could be applied beneath the soil surface.  Due to the unique use pattern, data on the active ingredient alone is often not sufficient to characterize the potential mobility of acetamiprid when used as a termiticide below the soil surface.  If additional data are not provided on the potential mobility of acetamiprid when it is used as a termiticide, EFED will make conservative assumptions (e.g., Koc=0 L/kg-organic carbon) when estimating exposure for these uses.  EFED ran a sensitivity analysis using the most currently recommended model for estimating concentrations in ground water the Pesticide Root Zone Model for GroundWater (PRZM-GW).  When modeling representative use pattern using model inputs specified in a recent drinking water assessment completed for acetamiprid (USEPA, 2011, D394234, D394479) and a Koc of 0 L/kg-organic carbon resulted in a peak estimated groundwater concentration of 218 µg/L.  Running the same scenario with the average Koc of 227 L/kg-organic carbon for acetamiprid resulted in a peak concentration of 26 µg/L.  These estimated concentrations are substantially different and have the potential to have an impact in risk assessments.  Therefore, EPA still recommends that these studies be requested in the Data Call In.



Unextracted Residues in Soil and Aquatic Metabolism Studies



Comment:  Nisso indicates that for many of the metabolism studies the representative samples of unextracted residues were fractionated into different fractions using either an alkaline fractionation into humin or fractionation into humin, fulvic acid, and humic acids.  Nisso indicates that various amounts were associated with the humin fraction which can bind to clay and may be difficult to extract.  Nisso suggests that the unextracted residues will not be bioavailable and therefore, do not need further characterization.  



EFED Response:  Fractionation of soil into humin, humic acid, and fulvic acid fractions produces little certainty regarding whether unextracted residues are bound to soil if the extraction procedure is not exhaustive.  For residues to be considered “bound”, exhaustive extraction techniques with polar and non-polar solvents must be used to show that an effort was made to fully extract all residues that may be reasonably extracted.  Exploration of alternate extraction techniques should occur when unextracted residues exceed 10% of the initially applied radioactivity, and data on the efficiency of the extraction technique should be provided.  It is possible to extract organic chemicals from various organic carbon matrices including humin when appropriate extraction techniques are used.  There is some evidence in these studies that at least some of the residues are likely not acetamiprid; however, IM 1-4 is also considered a residue of concern and the amount of the residues that are acetamiprid or IM 1-4 or possibly covalently bound to constituents in soil/sediment is not known.  More information on the identity of the unextracted residues is still needed to reduce uncertainty in these study results.



Aquatic Metabolism Studies



Comments:  “Under separate cover Nisso will be submitting an aerobic metabolism study.”

“Also there may be a need for another study using a different sediment and Nisso will address this (if necessary) when a DCI is received from the Agency.”   



EFED Response:  EFED will review the submissions when they are received.



Aquatic Field Dissipation



Comments:  “The Agency is requesting a study using a typical end use product for insect control on cranberries. As mentioned in the section describing the use of acetamiprid on cranberries in Attachment 1, flooding events that are part of the cranberry production process do not occur anywhere near the time when acetamiprid is expected to be used. Also there is no direct application to water. According to 40 CFR § 158.1300 and under guideline 835.6200, “Field testing under the terrestrial field dissipation requirement may be more appropriate for some aquatic food crops, such as rice and cranberry uses, that are managed to have a dry land period for production.”



Based on how acetamiprid is used in cranberry production, we believe the existing terrestrial field dissipation studies are sufficient for regulatory / risk assessment purposes and respectfully request a waiver from this data requirement” 



“None of these flooding events occur anywhere near the time of expected use of ASSAIL.  The product is applied in late May before bees are brought in for pollination and then again in late June thru mid-July after the bees are removed.  Therefore there is no direct application to water.



Lastly, flea beetles have become a significant problem in WI cranberries.  Their populations build in late summer (August) and PHI isn’t a limiting factor.  This would ca. 30-40 days before the harvest flood and does not include a direct application to water.”



The registrant indicates there are three main flooding periods in cranberries:  

· Harvesting in late September/early October, flooding occurs for a couple of days and then is drained

· Overwintering in late December through March/April

· 1% in early May to drown bugs, water is drained after 36 hours



EFED Response:   An aquatic field dissipation study for acetamiprid would provide quantitative information on how much acetamiprid applied to soil may move into the water column post-flooding, such that it is then available for release to surface waters with the drainage of flood waters.  While it is clear from the registrant that ASSAIL® is not typically applied to water, it is also clear that cranberries treated with acetamiprid may be flooded within 30 days of treatment, when acetamiprid and degradate residues (including IM 1-4) are likely to still be present in the field.  For example, the terrestrial field dissipation studies indicate that single first-order half-lives range from 3 to 18 days and IM 1-4 was detected at higher concentrations than acetamiprid.  Therefore, it is still recommended that a field dissipation study examining use of acetamiprid on cranberries be submitted, as such a study could provide important information for better characterizing risks from the use on cranberries.  





Ecological Effects Studies



· Acute toxicity freshwater aquatic invertebrates (Daphnia): The Agency is requesting a Daphnia acute toxicity study using typical end-use products. Nisso currently has a study using the wettable powder formulation. This study (NI-25 70% WP: Acute Toxicity Study in Daphnids (RD-9571)) will be submitted under separate cover. Also acetamiprid formulations used in cranberry production are not directly applied to water (see Attachment 1 for details).

· Avian reproduction (mallard duck): This study is currently underway. The final report is expected to be completed in the 4th quarter of 2013 and submitted shortly thereafter.

· Honey bee toxicity of residues on foliage: Nisso is awaiting the Agency’s review of a previously submitted study (MRID 45346901). Honey bee larval toxicity: A semi-field study is underway. The final report is expected to be completed in the 3rd quarter of 2013.

· Nectar and pollen residue study: According to the Agency, this study is on reserve pending the results of the honey bee larval toxicity study. Seedling emergence, Tier II: Nisso expects to repeat this study upon receipt of the Data Call-In.



EFED Response:   Submission of the aforementioned studies will be appreciated. The previously submitted honey bee (Apis mellifera) toxicity of residues on foliage study (MRID 45346901[footnoteRef:13]) mentioned above is currently under review; until the review of this study is completed, no further data for this guideline study is recommended at this time. EFED reiterates its request for submission of a 28-day chronic toxicity study with the aquatic sediment-dwelling species, C. riparius; this information will be useful for evaluating the potential impact of acetamiprid on benthic invertebrates. [13:  MRID 45346901.  Hoberg, J. (2001) Evaluation of Toxicity of Residues of Acetamiprid (NI-25) and Procure 50WS on Alfalfa to Honey Bees (Apis mellifera): Lab Project Number: 13726.6123: 041100. Unpublished study prepared by Springborn Labs., Inc. 40 p. OPPTS 850.3030] 




Clarification of Label and Use Information



Comment: In regards to WA110010, WA060011, WA060009 (various TRISTAR products) the registrant indicates that some of these labels were voluntarily withdrawn.  The remaining SLN labels were to address ornamental landscape situations where ground application techniques would be used by professional applicators.  This includes airblast applications but not aerial (fixed wing or rotary) applications.



EFED Response:  Unless it is clear on the label that a product cannot or would not be applied using aerial applications, it is typically assumed that the product may be applied using aerial application methods.



Comment:  EPA requested application rates that can be converted to pounds a.i. per acre for uses on ant mounds.  Nisso provided methodologies to estimate the application rates in terms of pounds a.i. per acre assuming 48 mounds may occur per acre.  



EFED Response:  There is a high variability in the number of ant mounds that may occur in an acre, with some reports indicating that hundreds to thousands of ant mounds may occur per acre (Dorought, Not provided; University of Arkansas Cooperative Extension Service, Not provided; Willcox and Giuliano, 2012).  If additional information is not provided on labels, EFED will make a conservative assumption on the possible number of ant mounds on an acre that may be treated to estimate an application rate per acre.  This could result in a much higher application rate than that intended by Nisso.  



Comment:  Nisso provides additional clarifying information on use information in Attachment 1.  



EFED Response:  EFED appreciates the time and effort that the registrant has devoted to summarizing this information, and the submitted information will be used to refine and clarify assumptions when use and usage is characterized and considered in the risk assessment.  Much of the information provided by the registrant in Attachment 1 is not reflected on labels and may be unknown to a user. When information is not on a label, the product may be used in a manner that is not intended.  Therefore EFED will make reasonable, yet conservative assumptions on estimating risk when specific information is not provided on a label.  To prevent overly conservative assumptions from being used in a risk assessment, EFED encourages Nisso to place clear language on labels that reflect the intended use as described in Attachment 1 of their comments.  EFED intends on reviewing the information submitted in Attachment 1 in consultation with the Registration Division and the Biological Economic and Analysis Division to determine the suitability of this information for risk assessment.



Literature Cited



For a listing of all MRID, see the Problem Formulation Bibliography,



[bookmark: _ENREF_1]Dorought, H. Not provided. What Fire Ant Problem.  Regional Extension Agent, Animal Sciences and Forages, East Alabama, Piedmont Region. Available at http://www.aces.edu/dept/fireants/documents/dorough_000.pdf (Accessed January 3, 2012).

[bookmark: _ENREF_2]University of Arkansas Cooperative Extension Service. Not provided. Managing Imported Fire Ants in Urban Areas.  MP426 8-06. Cooperative Extension Service.  University of Arkansas.  Division of Agriculture. Available at http://www.uaex.edu/Other_Areas/publications/pdf/MP426.pdf (Accessed January 3, 2012).

[bookmark: _ENREF_3]USEPA. 1999. Appendix VII. Addendum to the Drinking Water Memorandum to HED.  October 6, 1999. Environmental Fate and Effects Division.  Office of Pesticide Programs.  . 

[bookmark: _ENREF_4]USEPA. 2004. Government Printing Office. Overview of the Ecological Risk Assessment Process in the Office of Pesticide Programs.  United States Environmental Protection Agency (USEPA). Environmental Fate and Effects Division.  Office of Pesticide Programs. Available at http://www.epa.gov/espp/consultation/ecorisk-overview.pdf (Accessed June 19, 2009).

[bookmark: _ENREF_5]USEPA. 2010. Revised EFED Registration Review Problem Formulation for Bifenthrin.  D384352. December 22, 2010. Environmental Fate and Effects Division.  Office of Pesticide Programs.  United States Environmental Protection Agency. 

[bookmark: _ENREF_6]USEPA. 2011. Environmental Fate and Ecological Risk Assessment Preliminary Problem Formulation in Support of Registration Review of Permethrin.  D384703. June 20, 2011. Environmental Fate and Effects Division.  Office of Pesticide Programs.  United States Environmental Protection Agency. 

[bookmark: _ENREF_7]USEPA. 2011.D394234, D394479.  Tier I Drinking Water Exposure Assessment for the Section 3 New Use of Acetamiprid on Various Agricultural Crops and as a Scatter Bait to Control Insects.  D394234 & D394479. October 11, 2011. Environmental Fate and Effects Division.  Office of Pesticide Programs.  United States Environmental Protection Agency. 

[bookmark: _ENREF_8]USEPA. 2012a. Environmental Chemistry Method Guidance. Memorandum From D. Brady to Environmental Fate and Effects Division.  December 20, 2012. Environmental Fate and Effects Division.  Office of Pesticide Programs. Office of Chemical Safety and Pollution Prevention.  United States Environmental Protection Agency.   

[bookmark: _ENREF_9]USEPA. 2012b. Ecological Effects Test Guidelines. OCSPP 850.6100:  Environmental Chemistry Methods.  EPA 712-C-001. January 2012. Office of Chemical Safety and Pollution Prevention.  United States Environmental Protection Agency. Available at http://www.epa.gov/ocspp/pubs/frs/publications/Test_Guidelines/series850.htm (Accessed August 10, 2012).

Waldvogel, M. 2007. Biology and Control of Subterranean Termites.  Insect Note ENT/rsc-20. March 2007. Department of Entemology.  North Carolina State University.  North Carolina Cooperative Exension. Available at http://www.ces.ncsu.edu/depts/ent/notes/Urban/termites/index.htm (Accessed January 22, 2013).

[bookmark: _ENREF_10]Willcox, E., & Giuliano, W. M. 2012. Red Imported Fire Ants and Their Impacts on Wildlife.  W. 207. Department of Wildlife Ecology and Conservation. Florida Cooperative Extension Service.  Institute of Food and Agricultural Sciences.  University of Florida. Available at http://edis.ifas.ufl.edu/uw242 (Accessed January 3, 2012).





1







3



image2.png

Stressor (s)

Source

Exposure

Receptors

Attribute
Change

Applications of acetamiprid to various use sites. Acetamiprid, IM-1-4, and unextracted
residues are residues of concern.

Individual organismg
[Reduced survival
[Reduced growth
[Reduced reproduction|

vascular plants
Reductionin prey
Modification of PCEs**

related to prey availability

[Reduced cover
[Community change

1
3
- - Leaching to Atmospheric
| Spray drift | | Runoff Soil Groundwater transport
|
'
Surface water/ '
Sediment L Wet/dry deposition - - - - -4
Upﬁkelgills . Upttaktlelcell, Riparian plants
Ut or integument 100 51 eaves exposedvia
orp inteegg:nsent [Aquatic Animals | [Aquatic Plants terrestrial
Invertebrates on-vascular exposure
ertebrates /ascular pathways
v H
Ingestion Inges'tion
Aquatic animals i
Invertebrates
‘ertebrates < 1
Food chain Habitat integrity
Reductionin algae and Reductionin primary productivity|

odification of PCEs** related tof
habitat**







image1.png

-06 @

OE < 2
¥ 4GenC

&
/

<
At prote”







1

LV/702/79¢ 1HU 1Ul4s$ KFAX

WOLF ET AL.; INFLUENCE OF STERJLIZATION METHODS ON SELECTED SOLL PROrER1IED -

Gunderson, K., A. Brandberg, S:-Magnusson,.and. E. Lycke. 1967.
Characterization of a marin€ liactérium.associated with virus in-
activating capacity. Acta Pathol. Microbiol. Scand. 71:281-286.

Jofte, J., A. Bosch, F. Lucena, R. Girones, and C. Tartera. 1986.
Evaluation of Bacteroides fragilis bactetiophages as indicators of
the virological quality of water. Water Sci. Technol. 18:167-177.

Kott, Y., N. Roze, S Sperber, and N. Betzer.-1974. Bactcriophages
as viral pollution indicatoss. Water Res. 8:165-177.

Lycke, E., S. Magnusson, and E. Lund. 1965. Studies o the nature
of virus inactivating capacity of seawater.” Arch. Gesamte Virus-
forsch. 17:405-413. o .

Magnusson, S., K. Gundgrson, A Branidberg,-and E. Lycke. 1967.
Marine bacteria and their possible relation to the virus inacti-
vating capacity of sea water. Acta Pathiol. Microbiol. 71:274-280.

Malherbe, H.H., and M. Strickland-Cholmley. 1967. Simian virus
§4A51 1 and the related O agent. Arch. Gesamte Virusforsch. 22:235-

Matossian, A:M., and G.A. Garabedian: 1967, Virucidal action in
seawater. Am. J. Epidemiol. 85:1-8. - ... .

Melnick, J.L., and C.P. Gerba. 1980.- Viruses in water and soils.
Public Health Rev. 9:185-213_ ... M. . . "

Moore, B.E., B.P. Sagik, and I.F. ‘Malinia, Jr;1975. Viral association
with suspended solids. Water Res. 0:197-203. -

Raphael, R.A., S.A. Sattar, and V.S. Springthorpe. 1985. Longterm

survival of human rotavirus in raw and treated river water. Can.

J. Microbial. 31:124-128.

Rao, V.C.,, KM, Seidel, S.M. Goyal, T.C. Metcalf, and J.L. Melnick.
1984. Isolation of enteroviruses from water, suspended solids and
sediments from Galveston Bay, survival of poliovirus and rota-
virus adsorbed to sediments. Appl. Environ. Microbiol. 48:404—

409.

Richards, G.P. 1985, Outbreaks of shelifish associated enteric virus
illness in the United States: Requisite for devclopment of viral
guidelines. S. Food Prot. 48:815-823.

Shuval, H.I, A. Thompson, B. Fattal, S. Cymbalista, and Y. Wie-
ner. 1971, Natural virus inactivation processes in seawater. J.
Sanit. Eng. Div. Am. Soc. Civ. Eng. 97:587-600.

Soka), R.R., and E.J. Rohif. 1973. Introduction to biostatistics. W.H.
Freeman, San Francisco. )

Tartera, C., and J. Jofre. 1987, Bacteriophages active against Bac-

- teroides fragilis in sewage polluted waters. Appl. Environ, Micro-
biol. 53:1632-1637.

Toranzo,A.E., J.L. Barja, and F.M. Hetrick. 1982. Antiviral activity

of antibiotic-producing marine bacteria. Can. J. Microbiol. 28:231-

238.

Vaughn, M., and T.G. Metcalf. 1974. Coliphages as indicators of
enteric viruses in shellfish and shellfish raising stuarine waters.
Water Res. 8:613-616.

Influence of Sterilization Methods on Selected Seil“Microbiological,
Physical, and Chemical Properties

_ D. C. Wolf* T. H. Dao, H. D. Scott, and T. L. Lavy

_ ABSTRACT
Valid results from studies of adsorption of labile organic com-
pounds in'soil can be obtained oitlly jf-‘ifi'iic"iobial_‘degmdation of the
compound is inhibited. This study iﬂie"sti_g’it'ed effectiveriess of ster-
ilization of three silt loams with dfy. heat; cobalt-60 irradiation, pro-

pylene oxide, mercuric chloridé;f~§utw1§ving,-~so’diun{ azide, micro- .

wave, chloroform, and antibiotics, These treatments were begun after
air-dried, sieved soil was moistened:to 30 kPa watér potential and
incubated for 48 h at 25 °C. Steril ‘wils effective and micro-

organisms were elimiriated by cobalt-60 ireddiation; propylene oxide,

_ mercaric chioride, and autoclaving 2%-or.3X as evidénced by a lack

of microbial growth on potato-glucose: gar; plate count agar, and
nutrient broth. Soil physical and ¢heimical properties-were altered
by most sterilization treatments. Measuired surface areas of the three
soils were significantly reduced by pro, ylenie oxide. Propylene oxide
and sodijum azide produced an average pH-increase for the three
goils of 0.7 and 0.3 units, réspectively.-All ‘effective sterllization
methods except mercuric chloride significantly increased extractable
Mn levels in the three soils. Nonie of- ié-effective” treatments sig-
nificantly inflaenced cation’ exclisinge-capacity or:levels of extract-
able Ca, Mg, and K of the soils. Meréuric chloride resulted in ef-
fective sterilization with mmininial - éhanges in- soil chemical and
physical properties. Following »prdxi'_effsﬂeguards, mercuric chloride
conld be used to prevent microbial degradation in studies to evaluate
adsorption of labile organic chémicals by soil.

D.C. Wolf, H.D. Scott, and-T.L.-Lavy, Dep. of Agronomy, Univ.
of Arkansas, 115 Plant Science Bldg., Fayelteville, AR 72701; and
T.H. Dao, USDA-ARS, P.O.-Box::1199, El Reno, OK 73036. Re-
search leading to this report .was approved by the Director of the
Ark:nsas Agric. Exp. Stn. Received 29 Sept. 1987. *Corresponding
author.

Published in J. Environ. Qual. 18:39-44 (1989).

_MICROBIAL DEGRADATION of labile organic com- -

pounds in soil adsorption studies may lead to
erroneous results if a radiolabeled compound and the
batch equilibration technique are used (Koskinen and
Cheng, 1982; Scott et al., 1982; Scott et al., 1983).
Since the amount of radioactivity in the equilibration
solution is measured, any labeled degradation product
such as CO, or metabolites in solution would lead to
an underestimation of adsorption. Adsorption or pre-
cipitation of metabolites or degradation products
would result in an overestimation of adsorption. It is
also desirable to distinguish biological from chemical
degradation. Historically, this distinction has been
made by comparing degradation rates in nonsterilized
and sterilized soil (Fletcher and Kaufman, 1980).
Complete soil sterilization destroys all living mi-
croorganisms. The most commonly used method of
determining the number of microorganisms surviving
a given sterilization treatment is plate counts of via-
ble-cell numbers (Korczynski, 1981). z
Numerous sterilization procedures have been uti-
lized to eliminate microbial activity in soil, but these
procedures often alter soil chemical and physical
properties. Skipper and Westermann (1973) reported
that soil sterilization with propylene oxide resulted in
smaller.changes in soil chemical properties than with
either sodium azide or autoclaving, Chemical degra-
dation of amitrole in soil was greatly reduced by au-
toclaving soil because it destroyed the free radical-
generating mechanisms required for amitrole degra-
dation (Kaufman et al., 1968). Fletcher and Kaufman
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(1980) studied the degradation 6f ‘3ichloroaniline in forr: samples were treated with 12.3 mol of chloroformy/kg
nonsterile and autoclaved soil and that treated with soil, placed under vacuurd, _mcubated 24 h, and subse-
or ethylene oxide. quently treated with an additional 12.3 mol of chloroform/

potassium azide, mercuric chlonide, ; ¢ i
rilizati 3 kg soil and incubated under vacuum for 24 h (Jenkinson
They reported that the ste zation procedures all ¢ and Powlson, 1976); (xii)_antibiotics: samples were amended

fected degradation, volatilization, and adsorptiont dif- with 1.0 g of streptomycin sulfate/kg soil plus 7.1 mmol of

ferently. : : I, actidione/kg soil (Anderson and Domsch, 1973)

Adsorption of organic chemicals by §o11.has also Soil sterilization efficiency was evaluated with serial di-
been shown to be influenced by sterilization tech- Jutions and pour plate techniques. The microbial popula-
niques. Dao &t al. (1982) reported that oven drying, tions of the soils were determined on moist samples taken
propylene oxide treatment, autoclaving, and cobalt-60 from the tubes immediately following completion of the var-
irradiation altere soil adsorption of aniline and diuv- jous treatments. The media used were plate count agar for
on compared to air-dried soil. bacterial numbers and potato-glucose agar amended with

0.033 g/L rose bengal and 0.03 g/L streptomycin sulfate for
fungal numbers (Wollun},, dl 982). All Ii_latef?] for bactenal
- A . . . _ i numbers were jncubated and plates for ngal numbers
soil microbiological, physical, and chemical proper- were incubated 4 d at 25 °C prior to counting colonies. Each
ties. plate count was a mean of three replications. Additionally,
_ microbial growth was evaluated by adding 10 mL of nutrient

MATERIALS AND M?}THO]__)S broth to the 2.0 g of each treated soil sample immediately

The procedute for ¢ ollecting and processing the soil sam- following compietiont of the treatment (W ollum, 1982). The

ples in this study was that typically followed for adsotption tubes were incubated 7 d at 25 °C, and growth was visually

The purpose of this study was to investigate the
jnfluence of various sterilization methods on selected

studies. Captina, Hagerstown, and’ Palouse silt loams were evaluated by formation of turbid medium. The influence of
eollected in bulk samples from. the field; air-dried crushed trealgmi‘_nts on microbial numbers was-evaluated in three
oy : I replications.

to pass a 495-pm sieve, and stored:in-glass containers.

The Palouse silt loam bad the largest s ific surface area,

To assess the influence of the various soil sterilization
cation exchange capacity, percent clay; and organic C con- procedures on soil chemical properties, treated samples were
tent of the three soils studied (Table:1).-All soils had >50% analyzed for changes in cation exchange capacity by am-
silt and had salt pH v alues from 5 4:107.0. monium saturation (Cha.pma‘n, 1965). Soil pH was deter-

To evaluate soil stcrilization.~rfiet)iods, 2.0 g of each soil ﬂllmfd .3“ aMmature fgfgi'l éog_/oéglbfl A?gé using 2 glass
S St o srle 20 by 125 mamserewtop UL clecrode (MeLean, 00 Setenmined by (e S eure of
adjusted to —30 kPa water potential w1 h sterile water, and Baker (1977). The small exchange soil test procedure of Baker

(1980) was also used to evaluate Ca, Mg, and K levels and

incubated 48 h at 25 °C. Th‘eﬂ"g_g’ch: reatment was admin-

istered. The soil treatments. use 0 evaluate sterilization -~ he soi ed ! :
efficiency included: (i) air dry:soil that served as 2 control; pH in the soils studied. To evaluate changes in soil physical
(ii) oven-dry: soil samples were:dr for 4§ hat90°Cina properties, specific surface area was determined by the eth-

forced-draft oven, (1) cobalt-60 irr

idiation: samples Were ylene glycol monoethyl ether adsorption procedure (Mort-
lﬂad.iatﬂd with 0.05to 0.06 MGleth;o.44 qu w‘éo S0UTCE land pnd Kemper, 1965) The pamC1e S1Z€ analyms was de-
at the University of Nebraska, Lincoln (McLaren, 1969); (iv) termu}edcbly thle hydro?eter ;neahod. (Day, 1965) and the
propylene oxide: propylene oxide was added at the rate of organic C levels were determine using a dry combustion

915 mol/kg soil, and the culture tubc was sealed for 48 h procedure (Nelsofn and Sommers, 1982). J
and then vented for 48 h (Bartlett and Zelazny, 1967 v c:{ minimum of two replications of al physical and chem- J
mercuric chloride: the soil'was amended with mercuric chio- h . measurements was ‘_:ond“"t.ed’ and statistical analyses
rde at a rate of 1.84 mmol/kg (Fletcher and Kaufmar, 1980); of the data m_cluded the general linear model procedure (SAS
vi) autoclave 3X: samples were autoclaved at 103.4 XPa Inst., 1979) and mean separation using the LSD test at the
‘nd 121 °C for 2 h on Days 1,2, and 4. (vii) autoclave 2X: 0.05 level (Snedecor and Cochran, 1980). Because there Wete
samples were autoclaved at 103.4 kPa and 121 °Cfor L h, significant soil X treatment interactions for all parameters

incubated 24 h, and autoclaved an additional 1 h (Fertiss, mgasu}'ed, the dataaré separated by soil. The statistical anal-
1984); (viil) autoclave 1X: samples Were autoclaved for 2 h ysis ‘f’ mu(:lrobxologuial data was conducted on the logio
at 103.4 kPa and 121 °C (Skipper and Westermann, 1973); transforme dat; al?f fggosm n + 1 and presented as geo-
(ix) sodium azide. 3.08 mmol of sodium azide/kg soil was metric means (Baker, ).

added and incubated for 72 h at 25 °C (Kaufman et al, ’
1968); (x) microwave: samples were treated for 10 min at

345 Gz in & model 8240 Montgomery Wards microwave RESULTS AND DISCUSSION

oven (Montgomery Wards, Ch_mago), sterile water was added Sterilization Effectiveness
to bring the samples to —130 kPa water potential, and sam- . n . . .
ples were incubated 24 h and then treated for an additional To prevent microbial degradation of labile organic
10 min in the microwave ovenu(Eerriss, 1984); (xi)=chloro- compounds in an adsorption study, elimination of the
Table 1. Selected physical and chemical properties of the three soils studied. .
. Particle size analysis :
. Specific surface ——— pHin 0.0% M . Organic C
Soil and location Classification ares Sand Silt Clay CaCl;! CEC content
mi/kg X 10° — % cmols/kg %
Captina St ‘ Typic 28 3 55 12 5.4 59 0.84
Washington Co.. AR Fragiudult
Hagerstown sil Typic 39 28 52 20 10 10.0 1.42
Frederick Co., MD Haptudalf .
palouse sil Haploxeroll 116 17 59 24 5.4 225 217
Whitman Co., WA
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organisms capable of degrading the compound would
be required. Of the various soil treatiments utilized,
cobalt-60 irradiation, propylene oxide, mercuric chlo-
ride, autoclaving 3%, and autoclaving 2X eliminated
the microbial population in each of the three soils as
determined by plate counts and growth in nutrient
broth (Table 2). In the three soils evaluated, autoclav-
ing once for 2 h reduced bacterial numbers by ap-
proximately 10° and fungal numbers by approxi-
mately 10° but did not eliminate the microbial
population. Compared with air-drying, oven-drying at
90 °C for 24 h significantly reduced the microbial pop-
ulations in each soil. However, the soils were not ster-
ilized. Labeda et al. (1975) also reported that soil was
not sterilized by 3 h of beat treatment at 160 °C.
Sodium azide treatment significantly reduced the
bacterial population in the three soils and the fungal
population in the Captina and: Hagerstown-soils.
Microwave treatment under the-conditions of this
study did not significantly reduce ‘the-microbial pop-
ulations. Vela et al. (1976) showed: that-soil microor-
ganisms were more susceptible to mictowave irradia-
tion in moist soil than in dry soil‘afid:that fungi were
more susceptible than bacteria: -Iri:subsequent work,

Vela and Wu (1979) report.ed-vanbi_is_j;baq’teria, acti-

nomyeetes, and fungi were inactivated by microwave
irradiation when water was present;-The lethal effect
was due to the increased temperatitre -that resulted
when the water absorbed the microwave irradiation.
Wainwright et al. (1980) reported that a-20-s exposure
of three soils to a 2.45 GHz ‘microwave irradiation
had little influence on heterotrophic ‘bacterial num-
bers, but dramatically reduced-furigal ‘counts. Similar
findings were reported by Speir et-al. (1986). However,
wet tissue culture vessels that were artificially contam-
inated with nine bacterial cultures were ‘shown to be
sterilized by a 3-min exposure iri‘a microwave oven
(Sanborn et al., 1982). Our resilts’suggest: that the
amount of water present in’ the: soils and; thus, the
temperature increase . upon jrradiationr ‘were .insuffi-
cient to result in thermal-death’ ‘the “soil microor-
ganisms and spores present: . . . -

Chloroform - significantly reduced -
but did not affect the bacterial population. Minerali-
zation of C from soil microorganistiis following chlo-
foform fumigation has been used by -Jenkinson and

Powlson (1976) to determine s;’iil-':bi_bmass 1évels. Sev-

: fungal :;ihumber_s -

eral researchers have reported that chloroform fumi-
gation reduced the microbial population but did not
climinate all microorganisms (Jenkinson and Powl-
son, 1976; Kassim et al., 1981; Shields et al., 1974).

Soil amendment with ' streptomycin and/or acti-
dione has been used to separate bacterial and fungal
contributions to the total soil respiration (Anderson
and Domsch, 1973). Plate counts showed that in the
three soils studied and at the antibiotic levels tested,
neither the fungal nor the bacterial numbers were sig-
nificantly reduced by the addition of the antibiotics.

The seven most effective and commonly used treat-
ments, which significantly reduced the microbial pop-
ulation of the three soils and the air-dry and oven-dry
treatments, were selected for additional evaluation and
comparison.

Soil Surface Area

Oven-drying; cobalt-60 irradiation; mercuric chlo-
ride; autoclaving 3X, 2%, or 1X; and sodium azide
did not result inia significant change in the surface
area of the Captina or. Palouse soils (Table 3). How-
ever, autoclaving 3X or 2X reduced the surface area
of the Hagerstown soil. Jenneman et al. (1986) pre-
sented scanning ‘electron micrographs that demon-
strated that typical clay particles, which were plate-
like with irregularly shaped edges, became smooth with
rounded edges and’ clumped when autoclaved. They
suggested. that such. a.change could result in a reduc-
tion in surface area. Propylene oxide may have pre-
vented the bindirig of the ethylene glycol monoethyl
ether used in. the surface area determination, which
coyild have resulted in artifically low values in the three
soils.

_ Soil Chemical Properties

Soil pH

Propylene oxide significantly increased the pH of
the extraction solution in the Captina, Hagerstown,
and Palouse soils by 0.6, 0.3, and 1.1 units, respec-
tively (Table 3). The largest increase in pH was ob-
served in the Palouse soil, which had the highest clay
and organic matter content and the lowest pH. Bartlett
and Zelazny (1967) studied the influence of propylene
oxide on 16 soils'and reported an average pH increase

Table 2._Inﬂuence of the treatmeiits "o"n' iiﬁé’iinik:rbﬁial. population of the three soils studied.

- - Bacteria Fungi
Treatment Captina Hagerstown Palouse; Captina Hagerstown Palouse
log,o colony-forming units/g dry soil

Air-dry 6.43 6.93 6.99 3s2 . 4.62 4.49
Oven-dry 2.54 2.28 2.95 ' 2.48 2.65 1.72
Cobalt-60 0 0 0 0 0 [ o
Propylene oxide 0 0 0 0 0 0
Mercuric chloride 0 0 0 0 0 0
Autoclave 3X . 0 0 0 0 0 0
Autoclave 2X 0 0 0 0 0 0
Autoclave 1% 1.43 1.31 1.23 0.96 1.00 1.52
Sodium azide 6.07 6.20 6.33 321 4.19 4.37
Microwave 6.07 6.87 6.63 3.26 4.40 4.24
Chloroform 6.54 6.68 6.77 319 4.22 4.10
Antibiotics - 6.30 6.92 6.92 3.65 4.70 4,58

LSD 0.26 0.32 0.29 0.27 0.26 0.28

Wl Vg





10702797

B

1THU 1U:47 rAA

o T

42

S EINVIRUIN WUOLny s e suy waee nmreon oo o

Surface area

Table 3. Influence of the treatments on the surface drea and pH of the three Soils studied.

... "pH in extraction solution

X Ca‘ptina

Palouse -

" Treaiment Hagersiown S :'Ca“ptina. -Hagerstown Palouse
= mi/kg units

.- Airdry i 27.7 390 115.7 72 6.1
" .Ovendry :24.7 300 107.7 S| 5.9
" Cobalt-60 1303 400 123.7 73 6.2
_ . . Propylene oxide S173 253 64.4 1.5 72
- "Mercuric chloride :25.7 393 1157 S70 56
- ‘Autoclave 33X 2210 233 1084 - R 58
- Autoclave 2X <23.0 240 1054 .- T2 6.0
" Autoclave 1 X ~24.3 33.0 1114 © .2 6.1
" Sodium azide =27.0 38.3 1200 .0 . o070 74 6.2
LSD 15,10 0.1 0.1

~and sodium azide:ireatmerits,’
*-be a suitable microbial inhibito
a constant pH is required.-The rémaining treatments
-tesulted in pH

£103 9.

- of 0.4 units with the largest pH iﬁérea’s’e’s_ occurring in
* acid soils high in organic matter; Skipper and Wes-

termann (1973) also reported a 0.5:to 1.1 unit increase
in pH following propylen¢ oxide addition to the three

_soils they studied, ‘and ‘Clark (1950) noted .pH in-
_creases of 1.05 and 1.84 unitsin two seils treated with

ethylene oxide. . . voooooilo ot 0
The toxicity of propylene oxide is apparently related

1o esterification . of - the “carboxyl-groups in protein

(Fraenkel-Conrat, :1944).. The: reaction mechanism

- would also account for thé -observed pH increase in

propylene oxide-treated soils (Fig.'1). The dissociable
protons from carboxyl and ‘hydroxyl groups in organic

‘matter and clay could become neutralized during the

reaction with propylene oxide. The results of Bartlett
and Zelazny (1967) and those from our study are com-

- patible with the mechanism'in that the largest pH in-

crease ‘was noted in'the soil ‘with ‘the -highest organic
matter level and the lowest')pH: - .- .- .0 .

" Sodium azide tréatment significantly increased the
pH in the ‘Captina and Hagerstown soils. Parcchetti

and Warren~(1970):also noted-a significant pH in-

crease in soils fréated with 200 mg/kg potassium azide. -

Azide has: beén shiown to-be:converted to hydrazoic

. acid in soil, fesulting in a substantial pH increase (Ro-
- zycki and ‘Barthd;:1981). The Jack ‘of increase in pH
in the Palouise sofl was mostlikely related to the higher -

" buffering capacity-of the ‘Palouse .compared to the

Captina and Hagefstown soils. Because of the increase
in pH, which resulted from:both ‘the. propylene oxide

s, Tieither material ‘would
* in-soil studies where

‘changes _of»{j;_'s'O,S' units-for the three

soils. e 5T 1

- Soii Organic Matter ==
Functional Groups Lo

low © . COCHGHCHg

4 CHoCHCH3—3R . - OH
“OH : 'A:'O'C"H'g'(iHCHg ;
- Propylene : bH
Oxide

Fig. 1. Reaction of propylene oxide with ¢arboxy! and phenolic hy-
droxy] groups present in soil organic inattér.-The reaction pre-
sented is a modification of that presented by F' raenkel-Conrat (1944)
and discussed by Bartlett and Zelazny (1967).

Extractable Mn, Al, and Fe

The extractable Mn levels of the soils were greatly
inflienced by the treatments (Table 4). The autoclav-
ing3X,2X,or 1 X treatments increased the Mn levels
in the soils by an‘average of approximately 500% with
the Hagerstown exhibiting the largest increase. Several
researchers have reported large increases in Mn levels
in-gutoclaved -soils (Fujimoto and Sherman, 1948;

Martin et-al;;1973; Sonneveld and Voogt, 1973; Skip-

per and Westermann, 197 3)..Bohn (1970) studied nine
' 301ls':a'n'd.sh6wed_:ghat autoclaving for 15 min in 0.01
M CaCl, resultedin pH increases in eight of the soils

with :Mn2* iricreases of -three to >42-fold. He also

showed that increasing the autoclaving time from 15
“10:240 min did'not result in increased Mn?* levels in
“soil:solution for four soils studied. He-suggested that
the solubility of MnO, controlled the equilibrium con-
ceritration of Mn?*, which he described by the rela-

tionship-pH — 2pMn. . . - .. )
‘As previously reported by Fujimoto and Sherman .

(1945), oven-drying the soils also resulted in signifi-
‘cant increasés in Mn levels. Fujimoto and Sherman

/(1945) suggested ‘that the increase in Mn was due to -

‘dehydration . of ‘manganese oxXides -at temperatures
>70 °C. An-increase-in Mn levels in each soil was
“also obsérved with sodium azide treatment and co-

balt-60 irradiation, aithough to a lesser extent than

“with the heat treatments. The increase in Mn levels

“occurred even though the soil pH values generally in- - -
- creased. McLaren- (1969) also noted the increase in
~Mn following gamma-irradiation of soil, and Skipper : -

~and Westermann (1973) reported that sodium azide

and propylene oxide increased extractable Mn levels

_in three soils studied. The only treatment that did not
- significantly increase Mn in the three soils was mer-
-curic-chloride. ... -

Jfthe Captin and Palouse soils, none of the treat- -

ments.resulted in extractable Al values that were sig-

nificantly different from those of the air-dried soils-

" (Table 4)."In the Hagerstown soil, autoclaving and

propylene oxide resulted in significant increases in Al.

levels comipared to levels in the air-dried treatment.
The reason:for-the increase is unknown.
Extractable Fe was significantly reduced only by the
sodium azide treatment when compared to the air-
dried Hagerstown soil (Table 4). In the Captina, co-

balt-60 irradiation and mercuric chloride were the only-

sterilization methods that did not significantly reduce
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Table 4. Inftuerics of the freattents on the extrﬁéiﬁﬁét M, Al, and Fe levels of the three soils studied.

_ . .- Extraciable Mn _ Extractable Al . - Extracable Fe -
Tr‘eatm_em'z : - Captina - Hagerstown . Palouse Captina  Hagerstown Palouse .- Captina~ Hagerstown Palouse
e me/kg——

ey Ceke T Talar 606 119 46 .- 63 - 2547 - 122 66.2
Ovendiy . - . 28RS. - 2205 1826 1.5 &7 (1 .89 14 50.8
Cobalt60 . 7 .- 1330 w8LT o 133 19.9 o1 - 30~ o .2487: 101 424
Propylene oxide ;- . - o830 ssl o 66l 9.1 60 . L4 - 146 - 1130 29.0
Mereuric chloride™ ~ 66T 587 9.6 . 45 ‘43 215 T 1Ls 779
- Autoclave 3% - - 329,57 31100 2106 1.7 14 10 oo 10000 83 441
Autoclave 2% - - 33457073050 215.1 10.8 15.0 Cp7 S aLe . 1337 353
Autoclave 1% - . . 31607 “25L5 210,1 200 16.6 23 . 136 . -7 108 .. 254
Sodium azide . <. . 24101620 - 1556 15.1 a6 . s .1 64 37.8
SLSD et Loy 183 78 173, 5l NS - 62 .- 3 4.8
extractable Fe; Mercuric chloride incréased the Fe lev- CONCLUSIONS

¢ls in he Palouse soil, and all: othef ‘ireatments re-
duced the extractable Fe. Autoclaving generally de-
reased extractable Fe in ‘theé"thrée soils. Cheng and

c
Ouellette (1970) reported .that';'&téarﬁ}'{sterilizaﬁon in-
creased exchangeable Mn in soils Tow.in exchangeable

Fe, but did not affect Mn levels-in soils with high Fe

content. Recently, Sims (1 986) lias shown that, in soils
‘with pH values >5.2, the dominant Mn forms are
organically complexed and -Fe=oxide ‘bound, which
“further supports the interaction.of Feand Mn in the

treated soils. Sterilization treatments that resulted in

higher pH values would also be expected to decrease
‘Al'and Fe levels due to prccipitétiqh’-of hydroxides.

- Extractable Nutrient Cations dnd Microelements

The levels of Ca, Mg, and :Kilngih""é'dilé-?vérére largely

.~ unaffected by the various.,.tr‘ea:t_méjms-:(déta;_not pre-
' sented). Cummins (1962) reported that soil irradiation'’ -
ble Ca, Mg;-of K. Ferriss (1984) "

" also found that autoclaving:did:

- sodium azide, or autoclaving.

tevels in clay soil studied by: )

" each of the three soils was signify
the addition of sodium azide;
“sterilization. methods hiad any €

- three soils and generally decreased when the soils were
.- autoclaved (data not presented). -

i quio‘n _Exchdnge Cdp‘aciiy :

" The cation exchange capacity of the three soils was
not significantly influenced by any of the treatments
used. The cation exchange capacities of a sand and a

muck studied by Eno and Popenoe (1964) were not’

significantly altered by steam or pamma radiation ster-
ilization. .

5 '-‘a'ﬁ‘ectfsoil*‘.conéen--
“trations of Ca;, Mg, K, ‘and- Zn:- Skipper -and ‘Wester-
" mann (1973) showed that extrac t'ablfe‘Ca'levelﬁq three.
soils they studied were unaffected by:propylene oxide; -
g The same authors also
‘reported that propylene oxidé tiad-1io sighificant: in- -
“fluence on extractable K. Irradiation or aufoclaving:
did not significantly influence the 'water-extractable K.
‘Salonius et: al: (1967);.
however, autoclaving and itradiation increased theCa: -
“and Mg concentrations. -As-expecied; the Na- level in:
ipitificantly iricréased: by
t.nione of the other
i fect: Levels-of extract-
~able Cu, Zn, Ni; Pb;-and.€d vere < 3.9 mg/kg in the:

~Cobalt-60 irradiation; propylené oxide, mercuric
chloride; -and autoclavirig 2X"or 3X were effective
means of eliminating the microbial populations of the
three soils studied. None of the ‘treatments that elim-
inated ‘the microbiaL;_population-;signiﬁcantly influ-
enced the cation-exchange-capacity values, but mea-

sured -surface area was- significantly reduced by -

treatment. with-propylene oxide. Soil 'pH was in-
creased by {reatrent . with-propylene oxide and so-
dium azide. Extractable Mn was jricreased when the
soils were autoclaved, oven=dried, cobalt-60 irradi-
ated, or treated with- sodium-azide:

. Of the various treatments tested, all of the effective
sterilization procedures except ‘mercuric chloride re-
sulted;in-.substahtial---physicat .or chemical changes in
the soils studied: However, mercuric chloride is highly
toxic to humans‘and:care must be exercised when us-
ing such-a compound: Safe disposal of the treated soil
must also be practiced. . .~ .

Thus; -caution should be used in selecting a given

“sterilization treatment when evaluating degradation

“and/or adsorption of labile organic compounds in soil.

Thesé tesults indicated that mercuric chloride appears

10 be thie best overall method for pretreatment of soils

to be used in adsorption studies involving radiola-
beled labile” organic chemicals and the batch equili-

_ bration technique.
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